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) L Background: Complaints of ‘food allergy’ are increasing. Standardized surveys of
microarray analysis; prevalence.

IgE sensitization to foods are still uncommon and multicountry surveys are rare.

Correspondence We have assessed IgE sensitization to food-associated allergens in different
Prof. P. Burney, Emmanuel Kaye Building, 1 regions of Europe using a common protocol.

Manresa Road, London SW3 6LR, UK. Methods: Participants from general populations aged 20-54 years in eight Euro-
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Fax: +44 (0)207 351 8322 nius) were asked whether they had allergic symptoms associated with specific
E-mail: p.burney@imperial.ac.uk foods. Weighted samples of those with and without allergic symptoms then com-

pleted a longer questionnaire and donated serum for IgE analysis by Immuno-
CAP for 24 foods, 6 aeroallergens and, by allergen microarray, for 48 individual
food proteins.

Results: The prevalence of IgE sensitization to foods ranged from 23.6% to
6.6%. The least common IgE sensitizations were to fish (0.2%), milk (0.8%) and
egg (0.9%), and the most common were to hazelnut (9.3%), peach (7.9%) and
apple (6.5%). The order of prevalence of IgE sensitization against different foods
was similar in each centre and correlated with the prevalence of the pollen-associ-
ated allergens Bet v 1 and Bet v 2 (r = 0.86). IgE sensitization to plant allergen
components unrelated to pollen allergens was more evenly distributed and inde-
pendent of pollen IgE sensitization (r = —0.10). The most common foods contain-
ing allergens not cross-reacting with pollens were sesame, shrimp and hazelnut.
Discussion: IgE sensitization to foods is common, but varies widely and is pre-
dominantly related to IgE sensitization to pollen allergens. IgE sensitization to
food allergens not cross-reacting with pollens is rare and more evenly distributed.
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Symptoms of food allergy are common, and hospital admis-
sions for food allergy have been increasing in England (1, 2)
and elsewhere (3, 4). Studies of food allergy using the gold
standard test, the double-blind, placebo-controlled food chal-
lenge, are difficult to undertake in the general population,
and few studies have attempted this (5-7). Studies based on
the symptoms have been undertaken, and some have used
standard questionnaires to enable comparisons to be made
between geographical areas (8-11). Studies of IgE sensitiza-
tion to foods provide more objective evidence for one deter-
minant of food allergy, but variation in methods has made
comparisons difficult (12, 13).

The European Community Respiratory Health Survey
reported that IgE sensitization to food allergens among
young adults appeared to be determined by place of resi-
dence, but that the relative prevalence of IgE sensitization to
different foods was similar between different sites. It also
reported that the prevalence of food sensitization correlated
with the geometric mean total IgE for an area, but not IgE
sensitization to common aeroallergens (14).

In this study, we report the prevalence of sensitization to
foods among adults living in eight locations in Europe,
selected to cover different geographical areas and extend the
earlier study by examining specific allergens associated with
food using customized allergen microarrays from the Euro-
Prevall allergen library (15).

Methods
Sample

The methods used in the study have been reported elsewhere
(16), and the overall design is shown in Figure S1. Eight cen-
tres were selected representing the Northern Maritime (Rey-
kjavik), Northern (Vilnius), Central (Lodz), Balkan (Sofia),
Alpine (Zurich), Mediterranean (Athens, Madrid) and Atlan-
tic seaboard (Utrecht) regions of Europe. In each of these
centres, a representative sample of 20- to 54-year-old adults
was drawn from local population registers, except in Athens
where random digit dialling was used.

Screening survey

From these samples, initial information was collected on
allergic symptoms related to food including the type of food,
the symptoms experienced and the frequency with which the
symptoms had occurred. From those responding to this ini-
tial screening survey (Stage I), we selected those who
reported allergic symptoms associated with any of the foods
that were to be tested and, in addition, a random sample of
those not reporting these symptoms. We estimated the
response rate to this initial survey, where possible. The foods
identified in the screening survey together with the character-
istics of the complaint were summarized and potential cases
of food allergy were identified. From the responses, we
defined ‘cases’, the potentially food-allergic participants, as
those with allergic symptoms in relation to any of the rele-
vant foods. We took up to 240 cases and a random sample
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of 240 controls from the noncases, but oversampled these
where there were fewer than 240 cases (as was the case in all
centres) to increase the power of the study. We planned for
240 cases and 240 controls to have 90% power across all cen-
tres to identify an odds ratio of 2 at the 5% level of proba-
bility where the exposure of interest was present in 15% of
the population. If the total number of cases and controls in
the final sample was less than 100, we excluded the centre
from further study.

Follow-up survey and serology

These groups were invited for further study including a more
extensive questionnaire and a serum sample (Stage II). All
the sera were analysed in a single laboratory using the Immu-
noCAP (Thermo Fisher Scientific, Uppsala, Sweden). First
the sera were tested for groups of food allergens, and if these
groups were positive (SIgE > 0.35 kUA/L), the individual
foods in the group were analysed separately (16). We also
tested for aeroallergens (house dust mite, cat, and timothy
grass, birch, Parietaria and mugwort pollens) and for total
serum IgE. All sera that tested positive for at least one of the
foods were further tested for specific food allergens using an
allergen microarray assay (17).

Analysis

The population prevalence of IgE sensitization was estimated
as the prevalence of those with a specific IgE response to a
particular food among ‘cases’ and ‘controls’ weighted back
to the general population according to the sampling fraction
by which these had been selected for further study. We simi-
larly estimated the population prevalence of IgE sensitization
to any aeroallergen and the geometric mean total serum IgE.
The relative prevalence of IgE sensitization was estimated
according to the food and the place using logistic regression,
and the proportion of the total deviance in the model
explained by these two variables was estimated. The distribu-
tion of IgE sensitization to different foods was plotted by
food and place together with the modelled estimates, and we
estimated the percentage of the deviance explained by the dif-
ferent parts of this model. Finally, we plotted the prevalence
of IgE sensitization to any of the selected foods against the
prevalence of IgE sensitization to any of the aeroallergens
and the geometric mean total IgE.

For analysis of the microarray data (15), we classified the
allergens into 1) plant food or latex allergens homologous with
pollen allergens involved in cross-reactive responses (either
PR-10 allergens or profilin), 2) ‘true’ plant food allergens not
associated with cross-reactive responses and 3) animal-derived
food allergens. (Table S1 for details) No samples were positive
for the wheat (Tri a 19.0101, Tri a Gliadin) or goat (Cap h
casein) allergens, and these were not considered further.

Ethical approval was given by the appropriate ethical
review board in each participating centre. Response to the
initial questionnaire was taken to imply consent to the ques-
tionnaire study. For the clinical studies, written informed
consent was provided by all participants.
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Results

Table 1 gives information on the responders to Stage I of the
survey. There were only minor differences between the cen-
tres in mean age (average 37 years) or proportion of females
(55%). Overall 21% reported ever having trouble associated
with eating a particular food, but this varied widely from
37% in Zurich to less than 2% in Vilnius and less than 3%
in Sofia. The prevalence of doctor-diagnosed food allergy
was much lower at 4.4% overall with substantial variation
from less than 1% in Vilnius and Sofia to over 7.5% in Zur-
ich and Madrid. The prevalence of participants reporting
reactions to priority foods ranged from less than 1% in Vil-
nius to almost 19% in Madrid, and the proportion of these
stating that they would be willing to participate further in
the study ranged from 100% in Reykjavik, Sofia and Vilnius
to 34% in Athens.

Table 2 gives the numbers responding to Stage I and the
numbers seen in Stage II. Response rates could not be calcu-
lated for Athens as random digit dialling and quota sampling
were used at that site. In Athens and Vilnius, the total num-
ber recruited to Stage II was less than 100 in each case, and
they were excluded from further consideration. Table S2
compares the age and sex of the cases and controls seen at
Stage II with those seen at Stage 1. Differences between the
stages are minimal.

Table 3 gives the estimated prevalence of IgE sensitization
to different foods in the different centres. Overall the highest
prevalence was for hazelnut (9.3%), peach (7.9%), apple
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(6.6%), celery (6.2%) and carrot (6.0%), and the lowest prev-
alence was for egg (0.86%), milk (0.82%) and fish (0.22%).
Using these data, we tested a model that predicts the preva-
lence of IgE sensitization to a specific food in a specific loca-
tion from the average IgE sensitization to all allergens in a
single location and the average IgE sensitization to a differ-
ent allergen across all locations. The results are illustrated in
Fig. 1, and the detailed results are given in Tables S3 and S4.
Figure 1 shows predicted prevalence of IgE sensitization to
different foods in each centre as lines and the measured val-
ues as symbols. The foods are arranged from least prevalent
on the left to most prevalent on the right. There is a good fit
between the model estimates and the observed prevalence,
and the relative prevalence of IgE sensitization against the
different foods is well preserved between the different sites,
with the prevalence in Reykjavik being universally low for all
foods and Zurich being universally high. The principle excep-
tion is in Madrid and Utrecht. Madrid has a lower preva-
lence than predicted by the model for the highly prevalent
allergens, and Utrecht, by contrast, has a higher prevalence
than predicted for these allergens. From the regression coeffi-
cients given in Table S3, we can estimate that the prevalence
of IgE sensitization to peach is approximately 37% (95%
confidence limit: 5% to 68%) lower than that to hazelnut
and that IgE sensitization to foods is approximately 73%
(95% confidence limit: 64% to 81%) lower in Lodz than in
Zurich. Approximately 86% of the variation in prevalence,
expressed as ‘deviance’ in the model, is explained by the two
variables ‘food’ and ‘place’ (Table S4).

Table 1 Characteristics of responders to Stage | by centre. Number (% of total population) unless otherwise stated

Zurich Madrid Athens

Utrecht Lodz

Vilnius Sofia Reykjavik  ALL

Responders 2250 943 1979 3865
36.5 (9.0)
Sex (% female) 53.7 56.8 51.5 58.4
817 (36.8) 315 (33.7) 306 (15.5) 970 (25.1) 430 (28.7)

Mean age (s.d.) 38.0(8.8) 37.4(9.2) 37.3(9.4)
Any trouble
associated
with foods
(%)
Foods reported
At least one
priority food*
(% as a
proportion of
all responders)
‘Cases’t (%
reporting reactions to at
least one
priority food)
Doctor-
diagnosed
food allergy
(% of
responders)

375 (16.7) 177 (18.8) 116 (5.9)

350 (93) 174 (98) 40 (34)

170 (7.8) 78 (8.4) 88 (4.5)

414 (10.2) 212 (14.1)

246 (63)

225 (5.9)

1499 2598 2118 2114 17 366
38.6 (10.8) 36.7 (9.4) 37.6 (10.1) 39.4(9.6) 37.2(9.7)
55.2 51.1 56.4 52.7 54.6

43 (1.7) 61 (2.9) 689 (33.1) 3631 (21.0)

12 (0.5) 23 (1.1) 298 (14.1) 1627 (9.2)

176 (83) 12 (1000 23 (100) 298 (100) 1319

71 (4.8) 14 (0.5) 17 (0.8) 91 (4.4) 754 (4.4)

*Hen's egg, cow’s milk, fish, shrimp, peanut, hazelnut, apple, peach, celery, kiwi, mustard, sesame, soy, walnut, wheat, buckwheat, carrot,

tomato, banana, lentils, sunflower seeds, melon, corn, poppy seed.

tPeople with a history of problems with any priority food who agreed to be contacted again.
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Table 2 Numbers seen in Stage | and Stage Il of the study with response to Stage |
Cases identified
Response to at Stage | (agreed Stage Il Stage Il

Centre Initial Sample Stage | Stage |, % to be contacted) Cases Controls Stage Il Total
Zurich 4001 2250 56.2 375 (350) 191 294 485

Madrid 4494 943 21.0 177 (174) 80 230 310

Utrecht 6583 3865 58.7 414 (246) 154 322 476

Athens n/a 1979 n/a 116 (40) 20 48 638

Lodz 2988 1499 50.2 212 (176) 11 268 379

Sofia 2965 2118 71.43 23 (23) 2 111 113

Vilnius 3939 2598 66.0 12 (12) 5 40 45
Reykjavik 3299 2114 64.1 298 (298) 192 287 479

Total 28 269 17 366 54.9% 1627 (1319) 719 1642 2335
*Percentage excludes Athens, which used random digit dialling and quota sampling.

Table 3 Weighted prevalence of food IgE sensitization by food and food allergen (= 0.86), respectively. Associations were

centre

Rey-

FOOD Zurich Madrid Utrecht Lodz Sofia kjavik ALL

Hazelnut 17.79 6.00 11.95 6.54 6.27 1.27 9.26
Peach 13.43 11.29 9.74 577 3.58 2.31 7.93
Apple 10.75 894 8.15 483 3.58 1.56 6.53
Carrot 10.18  9.53 5.69 451 6.27 1.34 5.96
Celery 11.66 8.24 6.86 451 448 1.27 6.25
Kiwi 9.35 10.35 4.67 488 1.79 2.38 5.20
Tomato 8.07 9.29 3.85 433 538 1.71 4.91
Wheat 8.65 10.47 3.03 414 448 0.67 4.50
Sesame 7.61 10.24 3.24 426 448 1.27 4.50
Shrimp 6.89 5.29 3.94 493 6.27 2.76 4.79
Banana 590 8.94 2.27 483 269 2.16 3.79
Corn 6.41 8.00 1.93 272 358 1.19 3.38
Sunflower 581 824 1.86 349 269 0.75 3.17
Poppy 544  7.77 1.38 3.12 358 0.97 3.03
Melon 6.55 7.88 1.79 3.06 269 0.15 3.10
Buckwheat 6.18  7.06 0.89 3.05 358 0.74 2.90
Walnut 559 7.65 1.86 3,57 2.69 0.07 2.98
Lentils 5.07 6.71 1.24 2.87 448 0.74 2.88
Peanut 5.04 7.8 1.68 3.12 1.79 0.45 2.65
Soya 461 6.47 1.45 235 179 0.15 2.33
Mustard 359 271 0.41 171  2.69 0.37 1.60
Egg 1.31  0.59 0.69 1.07 0.90 0.67 0.86
Milk 0.74 1.65 0.84 0.69 0.00 1.20 0.82
Fish 0.17 1.18 0.20 0.00 0.00 0.22 0.22
ANY 23.63 1953 17.65 13.99 12564 6.55 1581
FOOD

Table S5 gives the prevalence of IgE sensitization to foods,
aeroallergens and specific food allergens classified as cross-
reacting pollen allergens (PR-10 and profilin), ‘true’ plant
food allergens and specific animal food allergens, and
Table 4 gives a correlation matrix for the prevalence rates.
This shows strong associations between IgE sensitization to
birch pollen PR-10 and profilin allergens (Bet v 1 and Bet v
2) and Bet v 1 and Bet v 2 homologues in food (r = 0.94),
any pollen (r=0.92), any aeroallergen (r =0.89) and any

weaker with other airborne allergens (r = 0.65), total IgE
(r = 0.41), any animal food (r = 0.45) or animal food allergen
(r = 0.37), and any ‘true’ plant food allergen (r = —0.10).

Figure 2 (Table S6) gives the prevalence of IgE sensitiza-
tion to the ‘true’ food allergens that do not cross-react with
pollen allergens. Overall, the most common IgE sensitizations
in this class were to sesame (1.53%), shrimp (1.46%), hazel-
nut (0.92%), tomato (0.52%) and peach (0.40%). The preva-
lence of IgE sensitization against ‘true’ food allergens in
peanut was 0.14%. There was no evidence of any relative dif-
ference between centres in the prevalence of IgE sensitization
to the different allergens in this group.

Discussion

The population prevalence of specific IgE to any of the foods
studied ranged from 24% in Zurich to 7% in Reykjavik, and
the relative prevalence of IgE sensitization to different foods
was broadly similar between the sites.

Response rates overall were quite low in common with
many recent population-based surveys, but the age-sex com-
position of the Stage I and Stage Il samples is similar (Table
S2), and by estimating the prevalence of IgE sensitization
after weighting for the symptomatic and asymptomatic sam-
ples separately, we have probably accounted for much of the
response bias. In those centres where the total number
responding was less than 100, we have not tried to estimate
the prevalence. A minimal sample size for estimating a reli-
able prevalence is arbitrary, but we have followed the com-
mon convention of not estimating a prevalence from less
than a hundred observations.

Our results are similar to those of the European Commu-
nity Respiratory Health Survey (ECRHS) in showing that
the relative prevalence of IgE sensitization to different foods
is very consistent between different sites in Europe, but dif-
fers in finding a strong association with IgE sensitization to
other allergens and a weaker association with the geometric
mean total IgE (14). Analysis of data from the protein chip
helps to explain and, in an important respect, modify the
interpretation of these findings.

368 Allergy 69 (2014) 365-371 © 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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Figure 1 Observed and predicted values for the prevalence of food IgE sensitization in 20- to 54-year-olds (Vilnius and Athens removed).

Table 4 Correlation matrix for IgE sensitization against different groups of allergen

Birch Any Any Food PR-10/ ‘True’ Plant  Any animal
PR-10/profilin Any  Any animal Plant profilin food Ag food Any Other
(MICROARRAY)* Food aeroallergen food  food (microarray)t (microarray)i (microarray)§ pollenq airborne**
Any food 0.86
Any aeroallergen 0.89 0.93 -
Any animal food 0.45 0.77 0.51 -
Any plant food 0.84 0.999 0.92 0.78 -
Food Pr-10/profilin 0.94 091 0.9 048 090 -
(microarray)f
‘True' plant -0.10 0.34 0.04 0.76  0.37 0.06 -
food antigen
(microarray)i
Any animal food 0.37 0.18 0.49 024 0.15 0.35 -0.76 -
antigen (microarray)§
Any pollenq 0.92 0.94 0.93 0.57 0.95 0.96 0.18 0.26 -
Other airborne** 0.65 0.57 0.81 0.07 055 0.70 —0.38 0.81 0.55 -
Total IgE 0.41 0.70 0.72 050 0.70 0.49 0.19 0.45 0.58 0.59

*Betv 1 or Betv 2.

tPlant food allergens cross-reacting with pollens [either PR-10 allergens (Api g 1.01, Ara h 8, Cor a 1.0401, Dau ¢1.0103, Dau ¢1.0201, Gly
m 4, Mal d 1, Pru p 1) or profilin (Cor a 2, Dau ¢ 4, Hel a 2, Hev b 8, Mal d 4, Tri a 12)].

t'true’ plant food allergens (Act d 1, Ara h 1, Ara h 2/Ara h 6, Ara h 3.01/Ara h 3.02, Cor a8, Cora 9, Cora 11, Gly m 5, Hel a 3, Jug r 2,
Jugr4, Lyce 3, Mald2 Mald3 Prup3,Sesil, Sesi2 Sesi3, Sinal, Tria 19.0101, Tri a Gliadin).

§Animal-associated food allergens (Bos d 4, Bos d 5, Bos d 8, Cap h Casein, Cyp c 1, Gad m 1, Gal d 1, Gal d 2, Gal d 3, Gal d 5, Pen a 1);

9qGrass, birch, Parietaria and mugwort pollens.
**Cat or mite.

The maintenance of the relative prevalence of IgE sensitiza-
tion to each food from one site to another suggests that expo-
sure to the different foods is not the rate-limiting step in
determining IgE sensitization to any particular food. The
microarray data show that IgE sensitization to whole food
extracts is strongly associated with IgE sensitization to pollen
allergens (Bet v 1 and Bet v 2), and this is partly because
most plant-based foods contain allergens that cross-react with

Allergy 69 (2014) 365-371 © 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

pollens, and most animal-derived foods (milk, egg and fish)
are rare sensitizers in this age group. Although we cannot
exclude co-sensitization, the most likely explanation for the
pattern is cross-reactivity to different allergens, which are
themselves distributed unevenly across Europe. The micro-
array data show that the ‘true’ plant allergens are not simi-
larly distributed. The model presented in Fig. 1 and Tables
S2 and S3 tests how well we can predict the prevalence of
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Figure 2 Distribution of IgE sensitization to ‘true’ food allergens by food and location.

IgE sensitization to a specific food in a specific location from
the average prevalence of IgE sensitization to any other ran-
dom food in that location and the mean prevalence of IgE
sensitization to the specific food across all locations. The pre-
dicted prevalence (represented by the lines in the Figure) is
close to the observed prevalence (represented by the symbols),
and 86% of the variation is explained by these two variables.
The only systematic deviation from the model is seen in rela-
tion to the IgE sensitization to celery, carrot, apple, peach
and hazelnut, which is more common than predicted in Utr-
echt and less common than predicted in Madrid. This fits
with the relatively low prevalence of IgE sensitization to the
birch pollen allergens Bet v 1 and Bet v 2 in Madrid (6%)
compared with Zurich (16%) and Utrecht (11%).

IgE sensitization to ‘true’ food allergens not cross-reacting
with pollens is relatively rare. Of the allergens tested in this
group, the commonest targets of IgE antibodies were sesame,
shrimp and hazelnut allergens. Fish, egg and milk were again
the least prevalent sensitizers even within this group. IgE sen-
sitization to this group of allergens seems differently distrib-
uted with low prevalence in Utrecht (with the exception of
the shrimp allergen Pen a 1) and a high prevalence in Sofia.
We were again unable to detect any variation in the relative
prevalence of IgE sensitization to these allergens, but this
could be due to small numbers.

Prevalence of IgE sensitization varies considerably between
sites, confirming that some of the variation in prevalence pre-
viously reported is likely to be due to true differences
between populations. The sites in the study were selected to
represent variation across Europe, but were never intended
to be representative of the European population, and given
the wide variation seen, considerable caution needs to be
exercised in estimating the overall prevalence of IgE sensitiza-
tion to foods across Europe as a whole.

This is the most extensive analysis of IgE sensitization to
food allergens to date that includes information on individual
allergens. Although this study deals solely with IgE sensitiza-
tion and only a proportion of those sensitized will develop
food-associated symptoms (18), IgE sensitization and the per-
sistence of IgE to foods are an essential first step in develop-
ing IgE-related clinical food allergy. The prevalence of IgE
sensitization to foods in different regions of Europe is
strongly associated with the prevalence of IgE to aeroaller-
gens. As reported earlier (14), IgE sensitization against egg,
fish and milk was rare. IgE sensitization to all allergens was
distributed in approximately the same ratio in the different
sites, although we are unable to determine whether this
extends to the ‘true’ food allergens. Among the ‘true’ food
allergens included in the study, the most commonly identified
IgE sensitizations were to sesame, shrimp and hazelnut. The
rarest were again hen’s egg, cow’s milk and fish. IgE sensiti-
zation to non-cross-reacting peanut allergens was relatively
rare at around 14/10 000. More information is required to
understand this pattern more fully and to understand the
relation of these findings to the distribution of clinically
manifest food allergy.
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